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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide high hardness 
and wear resistance characteristics in combination in 
spite of ultrathin films by including a magnetic film 
having an inclined layer subjected to a nitrogen plasma 
treatment on its surface and a protective film 
consisting of nitrogen-contg. carbon on the surface. 

SOLUTION: The nitrogen-contg. carbon film (C-N film) is 
formed as a protective film by a reactive sputtering 
method on a sample formed by subjecting the surface of 
the magnetic film consisting of a CoCrTa alloy formed on 
a substrate to the nitrogen plasma treatment by using an 
RF sputtering apparatus. The nitrogen plasma treatment 
designed to reform the surface of the magnetic film is 
executed by introducing nitrogen of an atmosphere gas 
from two systems of gas introducing pipes 113 into a 
decompressed vacuum vessel 100 and regulating the 
pressure thereof, then impressing RF electric power only 
on the substrate 105 side from a high-frequency power 
source 109. In the RF sputtering treatment of the (C-N) 
film, the atmosphere gas contg. the nitrogen is 
introduced from the gas introducing pipes 113 into the 
vacuum vessel 100 and after the pressure is regulated, a 



target 101 for film formation is subjected to RF 
sputtering, by which the (C-N) film is formed on the 
surface of the magnetic film. 
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[fit**! 3 ] IffJiESSttljg riv C o C r T a ^Xh Z> 

[!t*ri 5 ] Mm%mmzmi#.-r ^m. -> ? v ^ 

iSSiStiA £R) JP-T 5 r £ SrWrtR £ "T 5 4 Xtt 5 

[0 0 0 1 ] 

[0 0 0 2] 

[0 0 0 3] -*r, IBJUaftjKfttoftffiRj: LTIi. ^ 
jK^K. 2*^*T*— jHvK [ (C-N) WfcBMB-f 5 

£ H-c ^ £ mtmm c i n « » jg/s: * t-ts: 



(2) W¥l 1 -3 1 6 9 4 2 
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£as£*£*teJ;oT 8 «fiSfi±^S [S. 
Miyake. et. al. : Appl. Phys. Lett., 65, 25 (1 994) 3206] 

[S. Miyake. et. al. ■ Nucl. Instr and Meth. in Phys. Res 
BI 22 (1997) 643] „ 

[0 0 0 4] ^f£Sggl:fc^TK^7 KiS^sE 
!±iT< Sot, h 9 >CjJ* 

cj;* yu-ftf t Att *mw-f z, <d EHftttiE (- o fc„ 

[0 0 0 5] 

ft*i5fc*i:. «ant row saqetn mSSos»it 

20 [0 00 6] 

[0 0 0 7] ±fB*rf<;(-J;tL«, Mi±m±^mi®m!£.&) 

[0 0 0 8] ±|Bi|*»{-J:5, *«KoffS«:*nmt 

mtt(Z> a ±!E«ftIi:LT(iCoCrTa^ 
[0 0 0 9] *^0^cDa^lS^ft:<7)Mit*'feti, ^tt 

Bi<o^®?r'>^< t ■hmm^tsiJ^.^m^x-yy 
40 [ooi o] ±iB*ffi{-«tti,«, ^ryx-^^aa^H 

19: ft fc m\L^1] - sR > d» ?> * SftSIB t ^ftffi-T * « 

[ooi i ] Jite^(-*i^r> f*«si^ff^-r5^ 

^^^->-^ V * k LXS.mtf^Xte'Mmb^V 
[0 0 12] *fc±IB*ife^*S^-C, «»R4rJia*-f-5 

50 att^i^ffijiism^^PnAD-rsr tiaot, 
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[0 0 13] 

[0 0 14] Ell {^-fRF^^y^aSKSrffl^T, £ 
S±i:Ktt?)ixfcCoC r Ta^^^^W^t 

sKvK [KT-Ctt. (C-N) R4:i**i-4] £rSi£tt 

i^^>2 as <^K^o \f y X — * m £ H v ^SS«i^!B: m 
Sr. *«ia^)KJpf (Ifiirat^tifcCoCrT 
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*ffipr«*nffi*«, ioitt (c-n) mv&mt-r 

s/ K 1 0 2fiRFtfe 10 3te^£P7k<g\ 10411 

i«jSift*iH, i o 5 nm&, i o 6 te&fofrfrjf* i o 
7 iiR f mm, 108 ^^aiTk^, i o 9 temm&m 

SB, 1 1 Ote->* v^ — , 1 1 1 ttSBSSWu 1 1 2teSi 
£ft\ 1 1 3l*2**60;tf;**A«\ 11411!)^^ 

1 1 5^SC^S^36STfoSo 
[0 0 16] «ttK(0*ffi3S:KS:ia5ft:«>, 

s*^7X^&a^«iftufc^o#ift^#. (c- 

[0 0 17] 



[0 0 1 5] HI 1 <£>*>^3>^ 



10 0 teM * 







25—400 W 
GO min 
ft 

7.0X10T 2 Torr 


(c-n) m 




0~100 W 

900 W 

15 min 

N 2 ,(N 2 -tfie) 

7.0X10-' Torr 








(c-n) m 






25 f 
60 min 


25 W 
300 W 
15 min 






K 2 , (N 2 -Hfe) 
7. 0X10" ! Torr 



[0018] mm^mm&w&s&ot itix^x 

-^feSf^ BffllTfcS C o C r T a t ©iESiSi^J; 

0 0 rt{:^^WAf 1 1 3 t ITII^ 

>HAU J±^£r 7 x l O-'Torrt-IBSELfcf^ IIl.O 
5ftiJ{C^ffijajfi«agl 0 9^?>RF«^j«rH]JbPi-Sn 
b^£Vft^tz 0 *<D^ SlEfJUJR Fl*^2 5-4 0 

[ooi9] (c-n) mRFxs*v?inmx'n, tf^ 

0 0fii£*AU /±^£ 7 x l O^Torri^SL*:^ 

# — /tf^* — h 1 0 1 ^RF^a°7^ I) V^-t"S3. 50 



tiaot, «ttlR(0«ffi±^ (C-N) m%Mf&L 

(o—i now) *v^fH-i.*-. 

[0020] «^«ys-c«u ite^ift^x^s^ 

*.fcatt«<0*ffi±fc, _hf£ (C-N) SIRF^°7^ 
(C-N) KSrJBricLfco -tcoBR, «S6i-* 

3(£*5**5StRfii|R 5W, (C-N) ilRF 
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[0 0 2 1 ] r ^"C®j«Ut (C-N) RofStt, JK 

-fkSr/m-^W^BBfiSc^ (AFM) TfSJ^Lfco 
[0 0 2 3] EI 2 I*. i*^7 X^&Solfttft-eSiSI L 

fcasttw^^s^u^^-nv?— -CfcSo (a) Hl*^ 

^XV^SStl (*£l3S<t3tte) , (b) teS4EfiUjRF« 

* = 5 0 WCS*>^7 X-r M t fc« (5 0Wtm 

IS) s (c) fiSKi R F 1^3 = 2 0 0 Wtl»7 a 7 X 
-?&MLtc'& (2 0 0Wt«© Sr*i- 0 fH2^6, M 
te.m<D£tm<DWthM#:te. (a) tJt^SrAffl;* 

SOW (b) xmztAsk*mkVt£^f)K SA1*2 0 
0W (c) T*^jKf-ii*P"r5wfcj6S^ofc 0 
[0 0 2 4] EI3te> ^ttIgco^sa$Rmaxi:RFm 
^t^Ba^«r^^7 7-efc5o E£13J;9, Rmaxte, 
SAl^^ 1 0 0weffi*T^5fc Ayif^k^-T. 2 0 0 

w^±-e^i^i#±L. ^ngJUL-^istf— £ (20-2 

5nm) t^Sffif^^fc^- i:^fl|KSixfc o 
[0 0 2 5] ^-^^®^-^7t?£ (AES) COSJ^* 
{^ctixtf, 2 0 0Wt1iCoCrTaIiIfc7fy 
^iotftnml»i$nt*5^ 4 0 0WmoC 

tec rSiciiL-ci^r k&ftfritz 0 lixWl 
5 OWBlT'eiixyfy^lilit A/if£DT^^ 

i-fl, 5 OWWToX^X^agasif* U^ir^JBfU 

[0 0 2 6] [liyyXvMl, (C-N) BlRF* 
^ftLSbfc EOS Steffi] igiK/h 

(DmScDfr^m^mZl-tZ 8 0-5 0 0 nmi:^otfc 

[0 0 2 7] EUJ*. #*QfaSr?Tofc«SOtfu/^— 
a$Hv^*t^77tfc5, (a) tiil7°7X7i 
3lE<OS!$, (b) (C-N) IRF^^7^M® 

oais, ( c ) ns^iffioa^tfcSo #^77^ 

[0 0 2 8] 2*^7X^«L3SUfcattK^fl!$S:*-r 
EU (a) SA«*o«JDf-#v^j!$35S^:#< 

# 0 , 200 W. 300 Wt?H v = 1 0 0 0 mS., 
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4 0 0WWHv= 1 6 0 OSTii^tSCiWo 
fc 0 La>Lfcj& s £>, ±SELfcAS EOW^ffijffi^S-^5 
#s 4 0 0W^lttlfc^fy^^, TMficoCr 

[0 0 2 9] 04 (b) S^-TJld}^ (C- 

N) KRF^^y^jsQiatc.toTtfiB^filt^D-rSri: 
tfftfrotz. Sffi*rai:TB£14lfif-RF^-rz^ll>3 

(Wsi:*SB) ^lOOWgAUcS^^SAU^i 

fc 0 4fc, SA^tttNi^t (Nz+He) ytf* 
S:Jt«i-Si, «tt»!^Ofi:Afll^*t-*#*-r (N2 
+ He) #X<Djj&l$i< C i^JLffi£nfc 0 

[0 0 3 0] 0 4 (c) ^b, I^^X-ejaii (C 

- n.) RRF^y^ saa t ^ffi^fc^fc^ats 

fc 0 Z COmS, I^7 7XV^l©lAfl2 5Wtfi 
lz (C-N) 8SSr^i-SCtiCJ:!9*L<3feS-e#S 
[0 0 3 1 ] [I^77XV^l, (C-N)WRF^ 

[0 0 3 2] (DffittSWiUKRKltSrffl^, {BURffi (2 

0-2 0 0mN) i-ib^t5J8««»0«*IIl»:ft#:ttSr 
W-ifco t(D$k, m^J±^cyju?-y? (AhOaTi 
30 C) m (0 2. 3mm) SrffllV &ffl»^¥MlLfc 0 
[0 0 3 3] ©fflffiB»S;ott«®**«*agB«:ffl 
</\ ift^m (SOOmN) l-:fctt5*^So»»0®C 

Kffi^ (0 2mm) SrJHl/V MSSf-CffPtifiLfco 
[0 0 3 4] 05H M2 0 0mN(^t^liX7 
X^ftta®coK»«Sc/i i:*»lHl*i:(Olii«Sr^-r^7 

*&aco«KitK^E'eHiu = 0. 5SSoft^^t 

40 <D\ZM It, S^7X-7»ltt5r tiaotf» 

fimfc6*«'>U #{-S-g]*^#T^-i/x = o. 

**i-^t?fc>9. (a) Jl^XyX-v^mj 
Sir^lE) . (b) HSSiRFt*=2 5WTS*X 
7X>Mlttf (2 5Wt«JS) , (c) J*S«fiUlR 
F = 5 0 Wt*I*/7 Xvfel Lfcg (5 0Wtm 
IE) ^^-To 06^5), *«La(0«SttlK«S*i(S^ab 

50 iaotlfSW^lf^S:^^ #1:5 0W«±-Cfi 
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t hj if b r. i: fc 0 

[0 0 3 6] 0 7^08^ Ii7 7XVfel, (C 
-N) KRF^^s/^«L3g % 3m, m-^^Lfc®^ 
Kfllft m ir-J»»Hl » t <0H« Sr«* T ^ b fc X ;/ 7 Xh 
9, 07M (C-N) IKRF*^*ffl3i-£R5oo^ 
T^IEW s 0 ttl^cofe*^, 0JC8 mv 
s?r2 5Wi:lM^ie*^, *tt^fn*Lfc 0 12 7 

^BE) s A8lf^S4RffiijRF«^=2 5WT«7 7XV 
ftLSLfcffi (S*^7X^M 2 5W<tStfB) , BfP 
teS^tf^SrflH^T (C-N) RRF^y^&lLfc 
B (C-NMSfirSElS) , vmxgMk^) *? &<r>m& 

H**m^X (C-N) SlRF^^^/^feltfcS (C 

!>A£3tf£) N 3r^1~ 0 07&t/08^fb, (C-N) 
KRF ^jtOiSM J: oTJe«l^tK^«'>fSf«3Sr^i- 

i MB: £r ^ i~ r t & ft ti * o fz 0 
[0 0 3 7] 0 9 Kite (C-N) IfRF^^V^&iSb 

fcB<^*ifefR^«r*i-^SS:^Ufc 0 fab, 010^ 

A4-2 5Wtlf; 0 09^^01 0 fCjo^T\ (a) 
(C-N) If RF^^V^31~5l^i;i, RF^T^ 

(Ws=0W, Nz+HetSlS) (b) "ft 

(C-N) KRF^^^^«L3ffi-r5BR{^, RF^7^ 

&m^tzm& (Ws=2 5W, N2+He£iEfE) 

bfco 

[0 0 3 8] 0 9 (a) 7 7Xv^S^Sl^tt 

IfcT^BS-, RFs^Txmfi&WMlt-rfc (C-N) 

ir^flfcffi^ttfco 9. (c- 

**W#tt%x.;fc 0 rix^Stb-C, (C-N) SIrf^ 
^«La-T5»{-R f^-t r^s^^TOPbfc^ 

[09 (b) ] , RTf, S^llfci^ [09 (a) 
X£* (b) ] . i: A- H-S* ■< . ^^^K!HcD.f?i 
MtfcaSJ^n^^r TJft£<^5f;^ffb< & 

p£H/ci4«b/c 0 

[0 0 3 9] £fc, ^ir^e^ Kffi^Srffl^fcS^S 
(5 0 0mN) J-:fctt£*»f*Bfc-T?te, Sl!tX^X^£L 

as, (c-n) WRF^A^^ftyi, «^fitai:t>. ± 

^b/c{J£^fico^*i(l]^(DM[nI^bn-5^\ *£L3l 
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m^fm x&mmm nmm £tix\,^z>z.b tmm £ titz 0 

[0 0 4 0] [M^X^-X^a, (C-N) IRF7 

iO [0 0 4 1 ] @1 lit ^^7 v s f-W$L<n1fc%.%:m1r>f 
^XhV. N2 7°7 X-7 t flSgflR F 1A ^ 2 5 

bTS*^7X^&abfc«ttae*B<Diis*-efcs 0 * 

tz, Nz teR F^-f r^m^J^RlSa-ii-ri-s 
ffl^T (C-N) lRF^°7^MUc@(7)^l^ 
N2 + He ItRF^ T^S^J^RlJO^-ri-. — 
y ^AcoiS^^SrfflVNT (C-N) KRF^^y^«3i 
20 abfcB^*S*Sr^i- 0 S-pN? f^R F-^^^f T 

tOM^:^. ^^N2+HefiRF^^T^m^J ; Sr^Pit 

itxmmz mm t & &m t <d&&il a e &m&& h * 
tbtzm^mmw c%^ir 0 01 M^m<Dm^fi 

= 0. 4gStfe^(7)CTLT, I*7 7XVM (N 
iZfyX-v) RTF (C-N) iRF^y^&i (N2, 
Nz+He) "C^/x = 0. 14 — 0. 2 U 
1S^S (^N2, MN2+He) T*«*b</h^< 

[0 0 4 2] 11211 ^^-M^0#I-»J^b7tA 
Ejfi?KTS><9, (a) ^Ii7 7XV^lffj(DMM 
ffi^*^, (b) ^!SiRFl^=2 5Wtii7° 
yX^^b/ciBo^m^, (c) RF^T^S: 

Ri^n-Mr-ri-^ ^igir^y yj*<Dm&3f*&m^x (c- 

^0 N) SIR F^/^y^MabfcBcoigmSr, (d) HRF 

Srffl^TlS^abfcB^SiSS^^i-o Sl2^b, A 

^s^^ofc 0 r (OS® C 5 B^filS- a E t 
«^^*^)PRMlWc ££^b7t 0 «2^I(Oe* 
S:tti6T*bfco [012 (a) ] {Cit-cM*X 

[01 2 (b) ] ^ (C-N) iRF^y 
[012 (c) ] T?f^#^rcO|5B#^#255it^:-f 
5c wixf-StbT, [012 (d) ] T'Ji6W 

50 «±tSBO*«^fidS*BJD"t-5 rH^^t^o 
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[0043] Hl3ft ^$7 s/^-K»^»**^-r^ 
77"C&5#, (C-N) BfRF^^V^^li^&l 
.a^*5.t^T-. R Fv^ T^tA* 2 5 WfPSP UYc^co^ 
Ml 1 tS4S 0 f&co^fl, Hil 1 tH]«T-S>5 0 (C 
— N) BgRF*^y^&3iLfc*-g*te, Mlt^to^ 
*2& S N2> N2 +H e OfilhT&ot ^<-YT^^rfPAP 
Lfc* (11 3) /)W7^Il (011) J; 1 ?^^ 

N 2 +He t V1tk£t&ftffim&mi,<m±1rz>~k& 

[0 0 4 4] il4lt JK^ra^SIJSSE (A FM) SrJB 
^TffPffibfcW vmftJ&ftX'ibV. (a) te^lflX 
yX-^^mjcDatt^So^m^, (b) te?f^£i3l 
LfcHO*£J|l£*H% (a) i: (b) i^^T, ± 

El^aaiJ$ttfcHl!fe7tiiif»T-fc 9 s TEl^K^affi^n 

[0045] iufi &%±mk(Dm^\^x, $tm$: 

fo&o ffiW&2mm (50 0 nNil 0 0 0 nN) m^t 
t^Lfco Ell 5«-*5tt5##Ug 

m l 3 t(fl$l-cfc£ 0 

[0 0 4 6] Ell Sco^fi^ 1 0 0 0 nN(7)ei^^, 

>^^?/^yv^icis (c-n) m&ftm-t&z.k^x 

£ -e^TJttco«»S:S:^-C*5 9 * 8 %M$L <om L;M*K 

[0 0 4 7] 015 i^-f <t 5 f-, ffiffiSvh* < Lfc* 
(5 0 0nN) fcl^«(75ffi|pl^ffl|agi$^fc 0 (C- 

N) |g<^^{c:j:oT*ffi^jft^tT*3 9, It-^-f^n 

Sit (C-N) KSrJK^i-SBR^aJlt^y 

tt, if^y^— ^Sl^ottSirfc-iSct-Sr. £^<b, SSI 
i-^y ^£^p-T£ - kfc J: 9. 

a>ofc 0 IS^IC^^^ (C-N) ii£<^J&-£#te, 
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Sff^Lfc (C-N) »eo«/S*fl= [-*-fc=b*> (C-N) 

com^mmm *i&f&i- z> mm x ? xv mm ± 

CRtffc (C-N) Ko#*^iSrBkSi-S«*tt?ttft 
a*4:LT*<0±^R*tfc (C-N) RS#<&3ftfiEfcrR] 

[0 0 4 8] ±ssufcffffia. «/j^«i^*5 

mm?*? ^mm£tLtcmmm%mm^'tz> 

[0049] mmtvtzt%mwk\cfti-z>^^ ? 
20 u -(Di^mm^MLxm^mtjmum (afm) 

(C. (C-N) WO^ricB^raSrl 5, 3 0, 4 5 s e c 
^r-r^^^i-J: J¥£^3, 6, 9 n mco{»» JJI^f^ 

jliitSrffii/^x 1 2 0 0 0 n N"C\ 0f^<^^lH]» 
(1-100) -eK*»BS:**LfcBR^«*6ai$ SrW 

jo [0050] iii6 ti, ai*{t;Lfcf*aiK{rst"rs^^ 

c-n^, i*y7x>M^ifti«ic 
(c-n) m*mj&\^fz.mAx&>h 0 «^a^, 

Wf^PL&^ib (C-N) Hi^^L/-c^-efe^ 0 « 

T^«^*5 OWPPADL^^ (C-N) If ^®^cb7t 

[0 0 5 1 ] El i 6 to^fiE^: l HJ^>ie*^?>, 

-N) ffi] ^ff^LfcMm, WSIttOffS^ftff^-f 1 
mnWk£&2 5 nmJ^lW^^CS It, 

^fc, mi 6co*ffiiHii5ci oE^iiSS^io^Tfc, 

50 [0 0 5 2] 
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[Ell] RF^^y^3fi«S:*i"«a;WttWfffiBITfc 

(**&3i i: «ib) , ( b ) nmmm rfi*=so wt w 
fSfy^x^jaiiti (sowtSEiE) , (c) fis 

fi«RFl^=2 0 0Wtlf7'7XvMlUct (2 
0 OW<biEfE) €r^t" 0 

t^7-et>!), (a) niiy^^^isoi^ 

(b) (C-N) KRF;*^s/^S® 

(c) nis^iaaffi^Bi^-cfoSo 

[El 5] f 12 0 0 mN^(J^li7 7X-7MB© 26? 

fo9, (a) HIi7 7XVfeIifl (*&L3ii*ffi) , 

(b) filfillRFl*=2 SWtli/^XVfelL 
fc« (2 5Wt*fB) , (c) teSffifiijRF«;fc= 5 0 

[HI 7] ll77X-7fei N (C-N) BRF^y^ 

oBi«Sr»»r^bfc^57-efc<9, (C-N) Brf 

[El 8] I^^XvMI, (C-N) RRF^y^ 
tel. Xte, «^aufc®o*««IS^ i:**[H]»i: 

^»»t/Tlfc^7 7tfe^ RF^7^« 
t5R^7^1EWs £2 5Wir 

[Ei9] (c-n) mRF *s<??%mi,tzm<DmwM 
[Eli o] *^teab^ffio**«jBttS:*-r¥*-e& 

5 0 40 
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[Ell 1] ^^5 ttRofe*S:^t^7 7tfc 9 , 

(c-n) rr F^^y^tos&u^^&s^fci^-c, 

R F^Y7^1*^WL^t*^^t 0 
[El 12] ^^7 7f^B^;itbf:AE«iT^ 

t?, (a) \^mmyyx^^mm<Dm\±mm^comm 

^Ts (b) iiSSftlR Fi^J= 2 5Wti*/7XVM 
3SLfca^*S*Sr, (c) R Fs^Txmtl&tfrtMlt-f 
(^ ^ ACD?l^^^ffl^T (C-N) SIR 

F^^^y^fttabfcffiCDJiS^:*, (d) HRF^7^ 

mtj&m^-ti-, mmt^)) $j*<Dm i <&tfx&m^x 

[Ell 3] ^^7y^K*ooJi**S:^-t"^5 7"Cfcl9, 

(c-n) jkrf x^yp&m&xj^&inMfc&^x, 

RF^7^1^^2 5W^PLfc^^^"T 0 

[Eii 4] m^r^muM (afm) ^m^^xw^vtc 
■w^ vmmmxhv, U) \±mm^yx^^mm 
(D«tt«*B(o«**:, (b) iiMMif:®^es 
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